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(54) Title: MULTI-LAYER CELLULAR COMPOSITE FLAT PANEL 

(57) Abstract 

A multi-layer cellular com- 
posite flat panel (18) comprises a 
couple of external plates or sheets 
essentially parallel to and spaced 
apart from each other, made of a 
variety of different materials ac- 
cording to the tmaluse of the panel 
itself, and an. internal cellular struc- 
ture fixed to and between said ex- - 
temal plates or sheets defining sub- 
stantially a plane; said internal cel- 
lular structure comprises either a 
single compact diamond -embossed 

sheet or film of a suitable mate- a ' 

rial, having a multiplicity of small L 
scale tridimensional relieves and 
depressions (1 3) distributed with 
uniform pitch (p) in substantially 
mutually perpendicular directions 
in the plane, or a plurality of said 
compact diamond -embossed sheets 
or films, with or without inter- 
leaved intermediate flat sheets, su- 
perposed one upon the other and 
made integral in rigid' and perma- 
nent manner. 
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TITLE ' 

" MULTI-LAYER CELLULAR COMPOSITE FLAT PANEL " 

5 TEXT OF THE DESCRIPTION 

Field of the invention - The present invention relates to a multi- 
layer cellular composite flat panel to be used in many different industrial 
sectors, such as buildfng, packaging or furnitures. 

10 Related Technological Art - Cellular composite flat panels are 

known, comprising a couple of external plates and an internal cellular 
. structure, made integral with the external plates in a permanent manner. 

For example, single-layer and multilayer corrugated cardboards are 
known wherein one : or more sheets of corrugated paper with a certain 

15 distance between the 'waves' of the relief pattern are stuck to two outer 
sheets of flat paper in order to substantially give the whole a mechanical 
resistance to bending/torsional stresses; these types of corrugated 
cardboard offer a resistance to bending/torsional stress and to bending 
that' is decidedly dissimilar at 90° across the plane. If the mechanical 

20 stresses or bending are parallel to the 'waves' of the corrugated 
cardboard, the resistance offered is considerably lower than when stress 
or bending occur along a direction that is perpendicular to the 'waves' of 
the corrugated cardboard. 

Similarly, multi-layer panels are known that are made from wood 

25 ahd wood derivatives such as plywood, particle board, multilayer, 
. "Faesite", etc; also known are panels made using the sandwich technique, 
whereby an element such as polystyrene foam is placed between two 
elements of wood or wood derivatives to produce insulating paneis used, 
for example, in the construction of caravans, or whereby a spiace is 

30 created using cardboard elements, such as in doors for modular-unit . 
kitchens: panels of these types have limitations related to their cost and 



WO 98/08674 PCTVIT97/0Oi64 

-2- 

weight or may be dangerous because of the noxious gases released by 
the foam in the event of the construction going on fire. 

Finally, panels, known as plaster board, comprising a filler space of 
corrugated cardboard and two outer layers of plaster are known and used 
5 in the building trade; also known is a material for covering made by joining 
a thin sheet of marble to a compact metal sheet using an adhesive. 

All the foregoing known multi-layer panels have the disadvantage 
of offering a resistance to bending/torsional streiss and to bending that is 
not even across the plane, or, when the internal cellular structure is of the 
10 honeycomb type, of having a cost per reference unit, for example per 
square metre, that is high, with the result that use thereof has been limited 
to special, not widespread applications. 

Summary of the invention - One object of the present invention is 
therefore to define a multi-layer cellular composite flat panel, wherein it 
15 comprises an internal cellular structure consisting of at least one compact 
plate or sheet of a material (e.g. a metal, a metal alloy, a synthetic 
thermoplastic resin, or a sheet of paper or pellulpse derivatives) of 
suitable thickness and characteristics, diamond-embossed to give a 
substantially 'hills 1 and Valleys' type profile in which small, uniform; type 
20 cells are created; and a couple of flat, external plates or sheets, of a 
material than can be paper, with or without an external face coated whith 
plastic or metal films, particularly polythene or aluminiurti; or wooden, 
plywood, treated or otherwise, particle board' treated or otherwise, wood- 
derivative panels; or building materials with functions of covering, such as 
25 . marble, granite, stone of various types, or ceramic materials, or trowelled , 
covering materials such as Scaglipla plaster, gypsum plaster, lime putty, 
or materials used substantially wilh structural functions,, such as concrete 
of various types, clay tiles, expanded clay, etc.; all the foregoing external 
plates being of suitable thickness and permanently joined to the internal 
30 cellular structure, by means of strong bonding processes to produce a 
complete cellular panel. 

These cells are of dimensions, shape and distance apart- that are 
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consistent with resistance to the bending/torsional stress whereto the 
cellular structure is subjected when rigidly and permanently coupled with 
the coupfe of flat, external sheets or plates, so as to constitute a whole 
. multi-layer cellular composite flat panel. 

.5 The above objects are achieved by means of a multi-layer cellular 

composite flat panel according to the main claim. 

These and other objects; characteristics and advantages of the 
present invention will become apparent in the course of the following 
description of preferred embodiments, provided as a non-exhaustive 

. JO examples, taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 represents a. plan view in an arbitrary scale of a part of the internal 
15 cellular structure of the multi-layer cellular composite flat panel 

according to the invention- 
Fig. 2 represents a cross-sectional view in an arbitrary scale of the 

internal cellular structure of Fig. 1 along a line 2-2. 
Fig. 3 represents a cross-sectional view in an arbitrary scale of the 
20 internal cellular structure of Fig. 1 along a line. 3-3, perpendicular 

• to the line 2-2. . % -.. 

Fig. 4 represents a cross-sectional view in an arbitrary scale of the 
Gomplele multi-layer cellular composite flat panel with a single- 
layer internal cellular structure according to a first embodiment of 
25 the invention. 

Fig. 5 represents a cross-sectional view in an arbitrary scale of the 
complete\multi-layer cellular composite flat panel with a twoMayer 
internal cellular structure according to a second embodiment of 
the invention. 

30 Fig. 6 . represents a cross-sectional view in an arbitrary scale of the 
complete multi-layer cellular composite flat panel, with a three- 
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layer internal cellular structure according to a third embodiment of 
the invention. 

Fig. 7 represents a cross-sectional view in an arbitrary scale of the 
complete multi-layer cellular composite flat panel with a four-layer 
5 internal cellular structure according to a fourth embodiment of the 

invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 . ' A cross-sectional view of a first embodiment of the multi-layer 

cellular composite flat panel of the invention is represented in Fig. 4, in 
which a three-layer cellular panel 10 is composed by a first external plate 
or sheet 16 and a second external plate or sheet 17, essentially parallel to 
and spaced apart from each other; and an internal single-layer cellular 

15 structure, fixed to and between the first external sheet 16 and the second 
external sheet 17, defining substantially a plane and consisting of a single 
compact sheet or film 18 (Fig. 1) showing a diamond-embossed profile 
having a multiplicity of small scale tridimensional relieves (or 'hills') and 
depressions (or 'valleys'), forming in combination a multiplicity of cells 13, 

20 distributed with a uniform pitch p in substantially mutually perpendicular 
directions in the plane. 

The plan section shape of the single cells 13 can be circular or 
polygonal, in particular can be substantially squared as shown in Fig,. 1. as 
illustrative example; the embossing creates a tridimensional impression, 

25 having sharp or rounded edges, of a total height h, as shown in Figs. 2 
and 3, which represent in an arbitrary scale cross-sectional views of the 
diamomd-embossed sheet 18 in two mutually perpedicular direction 2-2 
and 3-3. The preferred values for h range from 0,1 to 60 mm, best from 
0,5 to 50 mm. 

30 In order to obtain the best results, preferred values higher than or 

equal to 1 of the ratio p/h of the pitch p and the height h are employed, a 
value p/h substantialy equal to 2 being the best value. 
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The criss-crossing 'hills' and Valleys' of the diamond-embossing 
profile of the compact diamond-embossed sheet 18 (Fig. 1) are obtained 
by means of a suitable, conventional forming process according to the 
nature of the material of which the compact diamond-embossed sheet 18 
5 \% made; examples of the forming process are a cold plastic deformation 
process, or a coining process, or a hot plastic deformation process, or an 
embossing process, or a hot roll-forming process. In particular, the 
' compact diamond-embossed sheet i8 can be produced, as a non-limiting 
examples, by vacuum hot molding a sheet made of a synthetic 
1.0 thermoplastic resin; or by conveying a single compact sheet of steel into 
the nip between a couple of forming rolls in an automatic roll forming 
machine of conventional design. 

The cells 13 are suitably spaced apart and are so shaped as to 
enable the compact diamond-embossed sheet or film 18 be joined 
15 permanently to the two external plates or sheet 16. 17 of suitable 
thickness and characteristics in order to form the complete cellular 
composite flat panel 10; the special shape assumed by the cellular 
structure in the cellular composite flat panel 10 of this invention, with a 
double configuration of finely spaced 'hills' and 'valleys', and the small 
uniform nature of the cells 13 permits a very high number, preferably as 
high as approximately. 100 per square centimeter, of fixing bridges 
between, the first external plate 16, or the second external plate 17, and 
the compact diamond-embossed sheet 18, giving the three-layer cellular 
panel TO a high mechanical resistance combined with. a. light weight. 

The materials of which the sheet 1 8 is made can be a metal sheet 
(as -non-limiting examples a steel sheet, a stainless steei sheet, an 
aluminium sheet, an aluminium alloys sheet, a titanium sheet, a titanium 
alloys sheet, a copper sheet, or a copper alloys sheet); a synthetic 
thermoplastic resin sheet (as non-limiting examples a polypropylene sheet 
or film, a polyethylene sheet or film, a polyvinyl sheet or film, a polyamide 
sheet or film, a polycarbonate sheet or.film, or a polystyrene sheet or . 
film); or a sheet of paper or cellulose derivatives. 



20 
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Depending on the nature of the materials to be joined, it is possible 
to use a conventional coupling process for joining the first external sheet 
: 16 and the second external sheet 17 to the compact diamond-embossed 
sheet 18 of the type of, as non-limiting examples, resistance projection 
5 welding; or electric welding, or laser welding, or spot weldjng, or 
ultrasonic welding, or hot pressure welding, or diffusion bonding, or 
soldering, or brazing, or press bonding, or adhesive bonding. 

A cross-sectional view of a second embodiment of multi-layer 
cellular composite flat panel of the invention is represented in Fig. 5, in 
10 which a four-layer cellular panel 20 is composed by the first external plate 
or sheet 16 and the second external plate or sheet 17, essentially parallel 
to and spaced apart from each other; and an internal dual-layer cellular 
structure, fixed to and between the first external plate 16 and the second 
external plate 17, defining substantially a plane and consisting of a couple 

15 of the compact diamond-embossed sheet 18 (Fig, 1 ), showing a diamond- 
embossed profile having a multiplicity of small scale tridimensional 
relieves and depressions, forming in combination a multiplicity of cells 13, 
distribuited with the uniform pitch p in substantially mutually perpendicular 
directions in the plane. 

20 - The two compact diamond-embossed sheets 18 constituing the 
internal dual-layer cellular structure are superposed and made integral in 
rigid and permanent manner using a. conventional coupling process 
according to the material of which they are made, for example of the type 
of resistance projection welding, or electric welding, or laser welding, or 

25 spot welding, or ultrasonic welding, or hot pressure welding, or diffusion 
bonding, or soldering, or brazing, or press bonding, or adhesive bonding. 

A cross-sectional view of a third embodiment 30 of multi-layer 
cellular composite flat panel of the invention is shown in Fig. 6, . and 
represents a variation with respect to the previous embodiment, in that an 

30 intermediate sheet 15 is inserted between the ,couple of the compact 
diamond-embossed sheets 1 8 and is made integral with them in- 
permanent manner. 
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A cross-sectional view of a fourth embodiment of multi-layer cellular 
composite flat panel of the invention is represented in Fig. 7, in which a 
six-layer cellular panel 40 is composed by the first external plate or sheet 
16 and the second external plate or sheet 1.7, essentially parallel to . and 
5 spaced apart from each other; and an internal four-layer cellular structure, 
fixed to and between the first external plate 16 and the second external 
plate 17, defining substantially a plane and consisting of four compact 
diampnd-embossed sheet 18 (Fig. 1 ), each showing a diamond-embossed 
profile having a multiplicity of small scale tridimensional relieves and 

10 depressions, forming in combination a multiplicity of cells 13, distributed 
with the uniform pitch p in substantially mutually perpendicular directions 
in the plane, superposed and made integral in rigid and permanent 
manner using a conventional coupling process according to the material 
of. which they are made, of the type described before. 

15 It has been discovered that considerable improvements is obtained 

with the foregoing multi-layer cellular composite 1 flat panels in accordance 
with the present invention, both of physical characteristics such as lower 
weight and improved thermal and acoustic insulation, and in view of the 
lower production costs of the semifinished product, enabling numerous 

^ competitive advantages in industrial applications to .be obtained with 
. respect to the existing solutions. 

Now a description of the industrial applications of the multi-layer 
cellular flat panel of the .invention will be given in various industrial 
sectors, in view of the materials of which they are made. 

25 In the case in which the internal cellular structure, comprising one 

or more compact diamond-embossed sheets 18, is made from a sheet of 
paper or cellulose derivatives, coupled with the first external sheet 16 and 
the second external sheet 17 sheets similarly made of paper or cellular 
derivatives by binding with an adhesive; a multi-layer cellular cardboard 

30 with improved characteristics over traditional corrugated cardboard is 
formed. 
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The advantages of the foregoing multi-layer cellular cardboard are 
hot: limited solely to that of the substantially . uniform resistance to 
bending/forsiohal stress through a 360° plane, but also include the 
possibility of making bends along any direction whatsoever, so that 
5 shapes and solutions are possible for the product packs and wrappings 
made from it that are completely new and different from those constructed 
up to now using traditional corrugated cardboard. 

The internal cellular structure may consist of a single compact 
diamond-embossed sheet 18, as displayed in Fig. 4, or Of a couple of 
W compact diamond-embossed sheets 18, directly superposed and coupled 
together as displayed in Fig.. 5, or haying an intermediate sheet, as 
displayed in Fig 6, similarly made of paper or cellulose derivatives, in 
order to increase the resistance to bending/tofsional stress. Of course, 
the number of compact diamond-embossed sheets 18, and 
15 correspondingly the number of possible intermediate sheets, can be 
increased without exiting from the scope of the invention. 

The shape assumed by the internal cellular structure in the three- 
layer cellular? cardboard of this invention also enables creation of cellular 
paperboard, that is to say of a three-layer cellular cardboard very thin, in 
20 which the pattern of the compact diamond-embossed sheets 18 shows 
very finely spaced-apart •hills" and valleys' and very low thickness. To 
advantage, the three-layer cellular paperboard of this industrial invention 
may, on account of its lower weight for similar resistance values, replace 
the compact paperboard used for the wrapping of loose foodstuffs and for 
25 the packaging of products in general. 

With the structure of the three-layer cellular paperboard offering 
excellent thermal resistance, this semifinished product is particularly 
suitable for the. packaging of frozen products, both because it maintains 
the temperature inside and. also because the paperboard does not 
30 become wet on account of the insulation barrier with respect to the 
external sheet of paper represented by the internal cellular structure. In 
addition, the three-layer cellular paperboard of the invention, with 
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polythene-coated or aluminized external paper sheets, that is to say When 
polythene or aluminium films have been applied to the external paper 
sheets, may to advantage replace the compact, polythene-coated or 
aluminized paperboard used in the conventional type packs for the 
5 packaging of beverages and other liquids. 

In the case in which the internal cellular structure, comprising one 
or more compact diamond-embossed sheets 18 and possible intermediate 
sheets, is made from a sheet or film of suitable thickness and material, 
coupled With the first external plate or sheet 16 and the second external 
10 plate or sheet 17, both substantially thin and made of wood or wooden 
derivatives by a suitable strong binding process, as, for example, binding 
with an adhesive, a complete wooden or wood-derivative cellular multi- 
layer composite panel is obtained. 
. To advantage; the wooden or wood-derivative cellular multi-iayer 
15 composite panel in its ranges of thicknesses may, on account of its lower 
weight for similar resistance to bending/torstonal stresses, and also of its 
improved thermal and acoustic insulation, replace the conventional 
compact type panels made of wood, plywood, particle board, multilayer, 
medium density fiber board, "Faesite", etc.; it is known, for example, that 
20 compact particle board panels are difficult to use for making doors in the 
furniture industry on account of their being too heavy. The wooden or 
wood-derivative cellular multi-layer composite panels may also be used to 
advantage in the construction of caravans and of the partitions used in the 
building and interior-decoration sectors to replace the conventional foam 
25 sandwich panels, offering greater safety in the event of fire and permitting 
better utilization of the joining methods. 

In the case in which the internal cellular structure, comprising one 
or more compact diamond-embossed sheets 18, is made from a sheet or 
film of suitable thickness and material, coupleid with the first external plate 
30 16 and the second external plate 17, both substantially thin and made of. 
building material by a suitable strong binding process, as, for example, 
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binding with an adhesive, a complete building material cellular multhlayer 
composite panel is obtained. 

By building materials are meant materials used substantially with 
functions of covering, such as marble, granite, stone of various types, or 

5 ceramic materials, or trowelled covering materials such as Scagliola 
plaster, gypsum plaster, lime putty, or materials used substantially with 
structural functions, such as concrete of various types, clay tiles, 
expanded clay, eta . . 

Building material cellular multi-jayer composite panels have two 

10 principal areas of application in both the traditional buijding sector and 
that of prefabricated constructions, the first' area of application is for 
substantially aesthetic type, building material cellular panels in the sector 
of coverings, both of outer vertical walls and of inner vertical walls, and of 
coverings for false ceilings, where the traditional materials used today 

IS have functional shortcomings; the building material, cellular multi-layer 
composite panels used for this type of application will generally, but not 
exclusively, be three-layer type. 

The second area of application for building material multi-layer 
composite cellular panels, made of both aesthetic and structural materials 

20 depending on the degree of finishing required, is in the semistructural 
sector for the construction of internal walls and separator systems, 
characterized by being low-weight, highly rigid and with optimum thermal 
and acoustic insulating properties; generally, but not exclusively, building 
material multi-layer composite cellular panels having an internal cellular 

.25 structure of two or more compact diamond-embossed sheets 18 and 
possibly intermediate sheets, will be used for these purposes. 

In the field of fire prevention applications, considerable advantage 
may be obtained from using internal cellular structures made from fire 
retardanf materials that have good thermal and acoustic insulation. 

30 properties, rather than the types of insulation made from polystyrene foam 
. that are pollutant in the event of fire. , • 
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Naturally variants, additions or changes may be made to the 
present invention by persons skilled in the sector art. 

In short, while adhering to the principle of this invention, details of 
the design and the forms of embodiment described and illustrated in the 
.5 foregoing may be amply modified without exiting from the scope of the, 
, invention. * 
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CLAIMS 

1. A multi-layer cellular composite flat panel comprising: 

a first external plate or sheet and a second external plate or sheet 
5 essentially parallel to and spaced apart from each other; and 

an internal cellular structure fixed to and between said first external 
plate or sheet and said second external plate or sheet defining 
. substantially a plane, 
characterized in that said internal cellular structure comprises a compact 
10 diamond-embossed sheet or film having a multiplicity of small scale 
tridimensional relieves and depressions distributed with uniform pitch p in 
substantially mutually perpendicular directions in said plane. 

2. Panel according to claim 1 , characterized in that said internal 
cellular structure comprises a plurality of said compact diampnd- 

15 embossed sheet or film, superposed one upon the other and made 
integral in rigid and permanent manner. 

3. Panel according to -claim 1, characterized in that said internal 
cellular structure comprises a couple of said compact diamond-embossed 
sheet or film, and an intermediate flat sheet inserted between said couple 

20 of said compact diamond-embossed sheets, superposed one upon the 
others and made integral in rigid and permanent manner. 

4. Panel according to claim 1, 2 or 3, in which said small scale 
tridimensional relieves and depressions have a total height h, 
characterized in that said total height h has a value of between 0,1 and 60 

25 mm. 

5. Panel according to claim 4, characterized in that said total height h 
has a value of between 0,5 and 50 mm. 

6. Panel according to claim 4, characterized in that the ratio p/h of. 
said pitch p and said total height h has a value equal or higher than 1 . 

30 7. Panel according to claim 6, characterized in that said ratio p/h of 
said pitch p and said total height h has a value approximately equal to 2. 
8. Panel according to claim 1, 2 or 3, characterized in that said 
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compact diamond-embossed sheet of film is made of a material selected 
from the group consisting of paper and cellulose derivatives. 

9. Panel according to claim 8, characterized in that said first external 
plate or sheet and said said second external plate or sheet are obtained 

5 from a sheet made of a material selected from the group consisting of 
paper, cellulose derivatives, polyethylene film coated paper, aluminium 
film coated paper and polypropylene film coated paper. 

10. Panel according to claim 1, 2 or 3, characterized in that said 
compact diamond-embossed sheet or film is made of a metal selected 

W from the group consisting of steel, stainless steel, aluminium, aluminium 
alloys, titanium, a titanium alloys, copper, and copper alloys. 

11. Panel according to claim 1, 2 or 3, characterized in that said 
compact diamond-embossed sheet or film is made of a synthetic 
thermoplastic resin selected from the group consisting of polypropylene 
polyethylene, polyvinyl, polyamide, polycarbonate and polystyrene. 

12. Panel according to any of claims 1, 2, 3, 8, 10 and 11, 
characterized in that said first external plate or sheet and said second 
external plate or sheet are made of a material selected from the group 
consisting of wood, plywood, particle board, multilayer, medium density 

20 fiber board and "Faesite". 

13. Panel according to any of claims 1, 2. 3. 8, 10 and 11, 
characterized in that said first external plate or sheet and said second 
external plate or sheet are made of a material selected from the group 
consisting of aesthetic type building materials and structural type building 

25 materials. 

14. , Panel according to claim 13, characterized in that, said first external 
piate or sheet and said second external plate or sheet are made of a 
material selected from the group consisting of marble, granite, stone, ■ 
glass, ceramic, concrete, foamed clay and clay tile. 
30 15. Panel according to claim 13, characterized in that said first external 
plate or sheet and said second external plate or sheet are made of a 
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material selected from the group consisting of scagliola plaster, gypsum 
plaster and lime putty. 

16. Panel according to claim 1 ( 2 or 3, characterized in that said 
multepHcity of small scale tridimensional relieves and depressions is 

5 obtained by means of a forming process selected from the group 
consisting of roll forming, cold plastic deformation, coining, hot plastic 
deformation, embossing, hot roll-forming, and vacuum hot molding. 

17. Panel according to claim 16, characterized in that said forming 
process is continuous and automatic. 

10 18. Panel according to claim 1, 2 or 3, characterized in that said 
internal cellular structure is fixed to said first external plate or sheet and to 
said second external plate or sheet by means of a coupling process 
selected from the group consisting of resistance projection welding, 
electric welding, laser welding, spot welding, ultrasonic welding, hot 
pressure welding, diffusion bonding, soldering, brazing, press bonding, 
and adhesive bonding. 

19. Panel according to claim 2. characterized in that said plurality of 
compact diamond-embossed sheet or film is made integral by means of a 
coupling process selected from the grdup consisting of resistance 
projection, welding, electric welding, laser welding, spot welding, ultrasonic 
welding, hot pressure welding, diffusion bonding, soldering, brazing, press 
bonding, and adhesive bonding. 

20. Panel according to claim 3. characterized in that said couple of 
compact diamond-embossed sheet or film and said intermediate flat sheet 

25 are made integral by means of a coupling process selected from the 
group consisting of resistance projection welding, electric welding, laser 
welding, spot welding, ultrasonic welding, hot pressure welding, diffusion 
bonding, soldering, brazing, press bonding, and adhesive bonding. 

21. Panel according to claim 18, 19 or 20. characterized in that said 
30 coupling process is continuous and automatic. 
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